A field trial was conducted to observe the effects of different irrigation strategies on the yield and the water use, oil content and marginal return of sunflower which was irrigated by means of a drip system during 2010 and 2011 under Çukurova condition of Turkey. The irrigation strategies include three irrigation intervals (A 1 : 25 mm; A 2 : 50 mm; A 3 : 75 mm of cumulative pan evaporation) and six water levels (WL) based upon the percentages of cumulative pan evaporation (WL 1 = 0.50, WL 2 = 0.75, WL 3 = 1.00 and WL 4 = 1.25). In addition, WL 5 = PRD50 and WL 6 = PRD75 treatments were evaluated. They obtained water from alternative laterals 50% and 75% of the WL 3 treatment. Additionally, a nonirrigated treatment (NI) was included as control plot in the experiment. In each of the experimental years, the largest and the smallest average yields were acquired from the A 2 WL 4 and NI treatments, respectively. The oil content and fatty acid composition were significantly affected by irrigation strategies. The oil content increased with the increasing amount of irrigation. Among all irrigation intervals, PRD-50 (WL 5 ) treatment provided the largest water use efficiency (WUE) and irrigation water use efficiency (IWUE) values in both growing seasons. In order to attain higher yields and a generated the marginal return, A 2 WL 4 irrigation regime is suggested for sunflower production in the Mediterranean region. A 2 WL 3 water strategy is proposed for an acceptable marginal return in case of water shortage.
Introduction
Sunflower is an important agricultural crop in most of the sunflower growing countries. In the world, 11% of crude vegetable oil production is supplied by sunflower. In Turkey, 47% of the crude vegetable oil production is supplied by the sunflower. The total production of sunflower is 1.670.716 tons in Turkey. The average yield of sunflower was 4100 kg ha -1 in 2016, despite changes in the regions. Turkey which has 4% ratio of sunflower production is in the first ten countries in the world (Konyalı 2017) . The Mediterranean region in Turkey is defined as a semi-arid zone where most of the limited annual precipitation and uneven distribution occurs from October to May during the principal growing season. Water deficiency in this region is one of the 164 Ta r ı m B i l i m l e r i D e r g i s i -J o u r n a l o f A g r i c u l t u r a l S c i e n c e s 25 (2019) [163] [164] [165] [166] [167] [168] [169] [170] [171] [172] [173] most important factors affecting crop yield. Thus, irrigation is required during the growing season to maintain and enhance crop growth and yield. In the study conducted by Akcay & Dagdelen (2016) , reported that, so as to save water and maximize the yield obtained, water saving irrigation systems should be followed; therefore, a proper irrigation scheduling is required for maximizing the yield and efficient water use. According to Asbaghy et al (2009) sunflower is not only tolerant to water stress caused by deficit irrigation (DI), but it is also high-yielding correspondingly to irrigation inputs. Numerous studies have been conducted to analyze the effect of DI in the response of crops in various areas worldwide. Recent literature revisions agree to conclude that DI is a highly convenient medium in stabilizing yields and increasing the productivity of water in water-scarce areas (Steduto et al 2012) . Given the fact that irrigation water supply is scarce, DI becomes a favorable agronomic medium because water productivity is to be the goal instead of maximizing the yield per area unit. Being studied extensively in many parts of the world, deficit irrigation (DI) and partial root drying (PRD) are water-saving irrigation methods. DI is a method, by which the entire root zone is irrigated with an amount of water less than the evapotranspiration potential and the resulting minor stress has minimal effects on the yield, which consequently increases Water Use Efficiency (WUE). Finite water sources should be managed in a way that synthesizes the meeting irrigation requirements for crops and the improvement of WUE. Therefore the main goals of this research were to (a) detecting the effect of different deficit irrigation strategies on water use, seed, oil yields and oil yield-response factor of the sunflower and (b) evaluating the WUE and IWUE subject to different irrigation treatments and (c) estimating marginal return created by drip irrigated sunflower grown in the Çukurova region of Turkey.
Material and Methods
The field experiments of drip irrigated sunflower were conducted between April and August of two consecutive years, 2010 and 2011, at average electrical conductivity. The experiment was conducted with a split-plot design, including four replications, in which each subplot was arranged as 5 rows (8.0 m long and 3.5 m wide). The irrigation intervals were assigned as the main plot. The irrigation was applied by dripping on the main plot as soon as three different cumulative evaporation amounts, including A 1 : 25 mm, A 2 : 50 mm, and A 3 : 75 mm, are reached. Among all irrigation intervals (A 1 , A 2 , and A 3 ), six irrigation levels were studied according to the percentages of cumulative pan evaporation (WL 1 : 0.50, WL 2 : 0.75, WL 3 : 1.00 and WL 4 : 1.25) in addition to considering WL 5 and WL 6 treatments. In WL 5 and WL 6 , while one-half of the root left to dry, 50% and 75% of WL 3 was administered to the other half. Afterwards, irrigation was moved to the dry part, throughout the following irrigation. The laterals in drip irrigated plots were placed in each plant row having 70 cm distance in-Ta r ı m B i l i m l e r i D e r g i s i -J o u r n a l o f A g r i c u l t u r a l S c i e n c e s 25 (2019) [163] [164] [165] [166] [167] [168] [169] [170] [171] [172] [173] between for WL 1 , WL 2 , WL 3 and WL 4 treatments, and in-line emitters with a discharge rate of 4.0 L h -1 were placed in the lateral line with 25 cm intervals (Betaplast Corp., Adana, Turkey). Two of the drip laterals were placed 20 cm away from the plant row in the WL 5 : PRD-50 and WL 6 : PRD-75 treatment plots. During the growing season, the system was run at a pressure of 100 kPa. As the control of these experiments, a non-irrigated treatment (NI) was also applied. A neutron probe (503 DR) was employed to measure the soil water content prior to irrigations during the growing season by using increments ranging from 30 cm to 90 cm. The neutron probes were installed on the plant row to monitor soil water throughout the growing seasons, while a Class-A pan was placed at the meteorological station next to the experimental plots. According to the physiological maturity of the plants, the yield was specified by hand harvesting three adjacent center rows with 6m sections in each plot. The seed yield and oil percentage values were noted subsequent to the harvest. The evapotranspiration (ET) value was calculated by using the water balance Equation (ET= I+R±ΔS-Dp-Rf), where ET is equal to evapotranspiration (mm), I amount of irrigation water applied (mm); ΔS change in soil water content (mm); Dp to deep percolation (mm); and Rf to runoff (Allen et al 1998) . WUE and IWUE values were estimated as sunflower yield divided by seasonal ET and total seasonal irrigation water applied according to Howell (2001) . The raw oil percentage was calculated by using the extraction method (Luque de Castro & García-Ayuso 1998), while the oil yield was calculated by using a function of seed yield and crude oil percentage. The fatty acid composition was analyzed by Erdemoglu et al (2003) . The results obtained were presented as a relative area percentage of total fatty acid methyl esters (IOOC 2001) . In order to assess the relationships between ET and the seed and oil yields attain from total ET, and the seed and oil yield data derived from the experiment, the regression analysis method was used. Within the scope of economic analysis, the irrigation cost and marginal return, in which the marginal yield was calculated as the difference between yield from irrigated treatment and non-irrigated treatment, were compared and all calculations were performed based on a unit area of 1 ha (Sezen et al 2011b) . The sunflower production costs and sale prices were obtained from the Mersin Chamber of Commerce. Various expenses, including fertilizer, seed, soil cultivation, plant protection as well as land rental, labor cost for irrigation, harvesting and transportation costs constitute the production costs of sunflower. Therefore, the sum of crop production costs, yearly cost of the irrigation system, irrigation labor and water cost were evaluated in order to calculate the total cost for annual sunflower production.
All parameters were subjected to analysis of variance (ANOVA), and means were compared using Duncan test. All statistical analyses were performed using SPSS 11.5 for Windows.
Results and Discussion

Water use characteristics and soil water variation
The experimental area is prevailed by typical Mediterranean climate. As a result of the data analysis regarding climate, the temperatures measured during the growing seasons of 2010 and 2011 were found to be parallel to the typical long-term temperature mean of Tarsus. Table 1 summarizes the monthly climatic data compared with the long term mean climatic data for experimental area. Meteorological data were obtained from a nearby weather station. Since the rainfall distribution were unequal during the growing seasons, both experimental years (2010) (2011) varied. In the first growing season (from April to July 2010), the depth of received rainfall was 112 mm, a little less than the long-term mean rainfall of 142 mm, while during the growing season of the second year, 2011, it was determined as 184 mm which was greater than that of the long-term mean rainfall as well as the first year (Table 1 ). The data for seasonal irrigation, crop water use (ET), WUE, IWUE and relative irrigation percentage in each treatment are given in Table 2 . The first irrigation treatment was applied in May T mean , mean air temperature; T max , maximum air temperature; T min , minimum air temperature; P, rainfall; RH, relative humidity; E, evaporation
The course of soil water storage during the 2010 and 2011 growing seasons of sunflower for each irrigation frequency (A 1 , A 2 and A 3 ) are shown in Figure 1a -f, respectively. In the A 1 and A 2 irrigation frequencies, soil water contents of treatment plots remained fairly high as compared to A 3 irrigation treatments. Soil water remained higher in the WL3 and WL 4 plots (in A 1 and A 2 irrigation intervals) than in the deficit treatments (WL 1 , WL 2 , WL 5 and WL 6 ) considered. Available soil water in WL 3 and WL 4 treatment plots remained above 50% throughout the growing season except the WL 3 irrigation interval. The soil water storage within the 90 cm depth gradually decreased towards the end of the season in heavy stress treatment (NI) in both experimental years and resulted in soil water contents below wilting point towards the end of the growing season of sunflower.
Growth stages for sunflower
The time spent on harvesting and on the various phenological growth stages (Steduto et al 2012) Ta r ı m B i l i m l e r i D e r g i s i -J o u r n a l o f A g r i c u l t u r a l S c i e n c e s were noted as number of days after sowing (DAS). The total length of the growing season for sunflower was calculated as 125 days in 2010, while it was 124 days in 2011. Sezen et al (2011a) have reported growth stages of sunflower varying from 129 to 132 days in drip irrigation and varying from 121 to 132 days in sprinkler irrigation conditions in east Mediterranean part of Turkey.
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Seed yield
Sunflower seed yields and yield components at the 1% level were remarkably influenced by interaction of irrigation intervals (A) and irrigation levels (WL). Based on Duncan test (Table 2) , A 2 WL 4 treatment was placed in the first group (P<0.01) in the first experimental year. The minimum yield was found in the non-irrigated treatment as 1670 kg ha -1 in 2010 and 1700 kg ha -1 in 2011. Even though PRD-50 treatments (WL 5 ) of A 1 , A 2 , and A 3 intervals received about 50% less irrigation of the water that was administered to the WL 3 plots of A 1 , A 2 and A 3 irrigation intervals, the reduction in seed yields of WL 5 at A 1 , A 2 , and A 3 treatments were only 3.8, 0.9 and 2.9% in 2010 and 6.2, 0.1, and 2.1% in 2011, respectively, as compared to WL 3 in both years (Table 2 ). It was found that seed yield decreased significantly when the amount of irrigation was lowered. Based on Duncan test (Table 2) , A 2 WL 4 treatment was situated in the first group (P<0.01) while A 1 WL 4 treatment was fallen into the second group in 2011.
Water use efficiency (WUE) and irrigation water use efficiency (IWUE)
It was observed that irrigation regimes affected WUE and IWUE values considerably (Table 2) . WUE values varied between 0.62 kg m -3 in NI treatment to 1.14 kg m -3 in the A 2 WL 5 for the first experimental year, while it varied between 0.66 kg m -3 in A 3 WL 2 and 1.26 kg m -3 in the A 2 WL 5 for the second year. The highest WUE values were measured in A 2 WL 5 for both growing years. In the study carried out by Sezen et al (2011a) , similar results were attained for sunflower grown under water stress conditions. Depending on the treatment applied, IWUE values varied between 0.68 and 1.88 kg m -3 in 2010 and varied between 0.75 and 1.86 kg m -3 in 2011. For both experimental years, the highest IWUE values were observed in A 2 WL 5 . In addition, Sezen et al (2011b) reported that the irrigation strategies in sprinkler and drip systems affected the IWUE values significantly. Akcay & Dagdelen (2016) among treatments in both years.
ET-seed yield and ET -oil yield relationships on sunflower
Regression analysis showed that there was a linear relationship between seed and oil yield with total ET at the 0.05 level of significance for both years (Figure 2a-b) . It was demonstrated that the oil content is strongly influenced by the figure of ET throughout the growing season.
Seed weight
According to the analysis of variance administered to the results obtained in 2010 and 2011; sunflower seed weight at the 1% level were statistically influenced by interaction of irrigation intervals (A) and irrigation levels (WL). As for 1000 seed weights, it varied from 65.0 to 89.2 g in 2010 while the values were between 63.6 and 90.6 g in 2011.
The lowest and the highest values in 1000 seed weights were obtained at NI and A 1 WL 4 in 2010 and 2011, respectively (Table 2) . Langeroodi et al (2014) reported that 1000 seed weight of the sunflower seeds varied between 54.3 and 68.0 g according to the treatments.
Oil yield, oil percentage and fatty acid compounds
The oil yield and percentage was significantly influenced (P<0.01) by the irrigation intervals and irrigation levels in both years. The oil content increased with the increasing amounts of irrigation in the treatments, in which the greatest oil contents were attained from the A 2 WL 4 (48.33 and 55.10%) treatment in both years (Table 2) . NI yielded the least oil content (33.70 and 36.10%). Asbagh et al (2009) reported that the oil content of the sunflower seeds varied between 34.3% and 39.1% in nonirrigated conditions and between 38.5 and 42.7% in irrigated conditions in different varieties. In this study, the results which demonstrated the oil percentage correspond to those of Asbagh et al (2009) and Sezen et al (2011a) , who suggested that the oil percentage increased with the increased use of irrigation water. Results showed that although stress did not affect the oil percentage, it reduced the oil yield via severe reduction in grain yield. Both the irrigation interval and irrigation levels had a significant effect on the sunflower oil yield in both growing seasons (Table 2) , hence it reveals the increase in oil yield with the increasing amount of irrigation water. The maximum average oil yield was obtained in A 2 WL 4 , followed by A 2 WL 3 , and the minimum oil yield was obtained from the NI treatment. According to Essiari et al (2014) , the fatty acid composition is an important parameter in identifying the quality of the oils. The major fatty acids were oleic acid (84.13-89.20%), linoleic acid (1.70-5.17%) palmitic acid (3.30-6.07%) and stearic acid (1.40-2.90%) in sunflower oils (Table 2 ). It was determined that there is a negative correlation between oleic acid and linoleic acid. Baldini et al (2002) suggested that there is a positive correlation between the amount of oleic acid and ET during the vegetative period of the plant. However, Asbagh et al (2009) 
Economical evaluation
In this study, the economical evaluation was performed by analyzing the results based on the means of the operation, investment and production costs for both years and the results are shown in Table 3 . Within the scope of economical evaluation, the maximum return of 581 US$ ha -1 was obtained from the A 2 WL 4 treatment. It was observed that lower irrigation levels caused a decrease in marginal return per irrigation interval. In the context of marginal return, a significant difference was found between the irrigation intervals and irrigation levels. The marginal return was increased in all irrigation intervals as the water supply increased. In the economic analyses, the marginal return and irrigation costs were compared and for the evaluations the marginal yield was calculated, which is the difference between yield from irrigated treatment and non-irrigated treatment. The results indicated that A 1 WL 3 and A 1 WL 4 in A 1 , A 2 WL 2 , A 2 WL 3 , A 2 WL 4 and A 2 WL 5 in A 2 , and A 3 WL 3 and A 3 WL 4 in A 3 were the economical treatments since they generated higher income over the irrigation cost. Among them A 2 WL 4 was the most economical treatment and recommended. It was found that A 2 WL 3 treatment is a plausible alternative in areas where access to irrigation water is expensive or less than demanded.
Conclusions
In this study, the effects of different irrigation strategies on the seed and oil yield, water use, WUE and IWUE in Çukurova region of Turkey throughout the sunflower growing seasons of 2010 and 2011 were analyzed in terms of amount and frequency. A 2 WL 4 treatment presented the highest yield as 4758 and 4890 kg ha -1 respectively for both years. The oil contents were considerably affected depending on different irrigation intervals and levels. Furthermore, the results demonstrated that the WUE and IWUE values diminished depending on the increase in irrigation intervals. Lower WUE and IWUE were achieved by the means of the same irrigation level in A 1 and A 3 irrigation intervals compared to A 2 interval. It was determined that there is a significant linear relationship between sunflower seed and oil yield, and total ET, the oil content of sunflower as well as total ET in both of the experimental years. In the context of economic evaluation, the marginal return from the A 2 WL 4 treatment under drip irrigation was determined to be logical in areas having no water scarcity. Under water scarcity conditions, however, it was determined that A 2 WL 3 treatment may generate an acceptable marginal return. It has been thought that the results will help to adopt deficit irrigation method, by which net financial returns are enhanced.
In conclusion, it is suggested to apply A 2 WL 4 treatment (cumulative pan evaporation: 50±5 mm, WL 4 = 1.25) in drip irrigated sunflower production for the purpose of achieving a higher yield in Çukurova region of Turkey. For two consecutive experimental years, the total amount of irrigation water for suggested treatment (A 2 WL 4 ) was found to be 530 mm and 546 mm, respectively, while the total amount of seasonal water use for A 2 WL 4 was found to be 607 mm and 595 mm, respectively. The number of irrigation treatments varied from 8-9 in 2010, and 8-10 days in A 2 treatments. 
